INTRODUCTION
============

In our experience the 5.5 mm screw is ideal for fifth metatarsal fracture fixation. We wished to investigate why.

BACKGROUND
==========

Fracture to the fifth metatarsal has been shown to be a common injury. Screw size in the treatment of fifth metatarsal fractures is important; larger screws have been shown to cause iatrogenic fractures, and smaller screws have been noted to have to have poor purchase.^[@R1],[@R2]^ The range of screw sizes used to treat this fracture is from 4.5 to 6.5 mm.^[@R3],[@R4]^

It was the senior author\'s experience that the 5.5 mm screw could be used in all cases. We wished to investigate if the concept of a "Goldilocks screw," that is, one that was not too big and not to small was appropriate.

PATIENTS AND METHODS
====================

Local ethical approval was gained (Ethical Committee of St. Andrews Hospital, Adelaide).

All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.

Recruitment of the sample was done locally from patients undergoing CT of their foot for other pathologies. Inclusion and exclusion criteria, see Table [1](#T1){ref-type="table"}.

###### 

Exclusion and Withdrawal Criteria
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Twenty seven patients could be included in the study. Demographics, see Table [2](#T2){ref-type="table"}.

###### 

Descriptive Data/Results
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A CT scan was taken of the whole foot (hind and forefoot). The full length of the fifth metatarsal had to be visible on the scan.

The internal parameters of bone morphology of the fifth metatarsal were measured, see Figure [2](#F2){ref-type="fig"}.

![3D CT scan and measurement points.](medi-94-e756-g003){#F2}

Correlation using the upper and lower parameters were arbitrarily chosen, but seemed reasonable as these were the dimensions of the screw.

We measured the length and height of the metatarsal bone. Additionally the inner and outer diameters of the metatarsal were measured at the base, at the first third, and at the second third mark.

RESULTS
=======

The proximal third internal diameter ranged from 3.6 to 7.0 mm with a mean of 5.0 mm.

In 93% of the metatarsals the internal diameter was \> 4 mm. Two of the metatarsals had an internal diameter of less than 4 mm (7%). Eight out of 27 (30%) of the analyzed feet revealed fifth metatarsal internal diameters with \> 5.5 mm. See Figure [1](#F1){ref-type="fig"}.

![Screw Size.](medi-94-e756-g004){#F1}

DISCUSSION
==========

The fifth metatarsal is commonly injured.^[@R5]^ The described incidence is about 1.8 per 1000 person years.^[@R6],[@R7]^ Aim of the operative fracture treatment is the reduction of nonunion and mal-union rate and a quick return to daily activities or sports in athletes.^[@R8]^ A recent systematic literature review by Roche on treatment and return to sport following basal fifth metatarsal fractures reveals that acute fractures treated nonoperatively had a lower union rate compared with fractures treated with a intramedullary screw. Delayed unions treated nonoperatively had a 50% lesser union rate than the operated ones.^[@R9]^

Fractures of the fifth metatarsal can be described as two types. Either of the tuberosity or of the proximal part of the diaphysis distal to the tuberosity.^[@R5]^ A more specific classification defining clearer fracture zones has also been described by Torg. Zone 1 the proximal tubercule, Zone 2 the metapyseal-diaphyseal junction, and Zone 3 the proximal diaphysis.^[@R10],[@R11]^

The fractures of the tuberosity are usually avulsion type injuries after forced inversion. The fractures to Zone 2 area seem to occur after acute injury. This area involves the fourth and fifth metatarsal articulation and is a vascular watershed area and therefore at risk of nonunion.^[@R12]--[@R14]^

Zone 3 is distal to the fourth and fifth metatarsal articulation. Injuries here are also associated with an increased risk of nonunion. They more often occur as stress fractures in athletes and can be seen in patients with sensory neuropathies of different ethiology.^[@R15]^

With regard to bending stiffness Kelly et al described no significant difference in fractures treated with the 5.0 and 6.5 mm screws.^[@R2]^

Our study shows that the 5.5 mm can be used safely in 93% of fifth metatarsal fractures, but that in 30% of cases the purchase may not be as strong as a larger screw. Also the shank of the screw would engage with the cortex 7% of the time. Although this may unduly stress the bone the two measurements were less than a half a millimeter and may not have any clinical importance.

Strengths of this study are the accurate measurement using CT and the transformational application of this information to the clinical setting in order to simplify a surgeon\'s choice of the implant planning.

A weakness of the study is that it is only descriptive/observational. Further correlation with clinical trials would have to be carried out to make firm conclusions.

CONCLUSION
==========

It is our belief that the 5.5 mm screw (Goldilocks) may be used safely in the majority of patients.

We have used the 5.5 screw safely for over 10 years and have anecdotally good result from it and were trying to explain our good results. This study has highlighted that it is definitely safe in 63% in Zones 2 and 3 but potentially could cause an iatrogenic fracture in 7% and lead to delayed- or nonunion in 30% when being too loose but our clinical experience has not shown this so far.
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Abbreviations: Base d = depth on axial cut perpendicular to cortices, Base h = height on sagital cut perpendicular to cortices, Base internal DM = diameter on the base, CL = central length MT V prox to distal on sagital cut, DM int 1/3 = diameter proximal third/Isthmus, DM int 2/3 = diameter distal third, LL = lateral length on sagital cut, ML = medial length on sagittal cut, MTV = fifth metatarsal bone.

Lukas D. Iselin and Sunil Ramawat contributed equally to this work.

There has been no funding for the completion of this study. None of the authors has a conflict of interest.
